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1 
This invention concerns a new agent for the 

stabilization of organic thermoplastic materials, 
especially solid polymers of unsaturated organic 
compounds, against deterioration under the ac 
tion of heat, light, or air. It also pertains to 
resinous and rubber-like thermoplastic organic 
materials comprising the stabilizing agent. The 
invention pertains particularly to the stabilization 
of mixed polymers of vinyl aromatic compounds - 
and aliphatic conjugated diole?nes such as are 
disclosed in U. S. Patent 2,388,685. These mixed 
polymers are more intimately associated than 
when merely mechanically admixed and, for con 
venience, are hereinafter termed “composite poly 
mers.” 

It is known that most thermoplastic organic 
materials, especially those obtained by the poly 
merization of unsaturated organic compounds, 
and more particularly the above-mentioned com 
posite polymers, undergo discoloration or de 
terioration when heated or permitted to stand 
under exposure to light and air unless stabilized 
by incorporation of a stabilizing agent therewith. 
‘The deterioration, usually known as “aging,” re 
sults in discoloration of transparent colorless 
resins, such as polystyrene or methyl meth 
acrylate, etc., and in hardening, embrittlement of, 
or development of cracks in, rubber-like mate 
rials such as natural rubber, Buna-S, etc. In 
some instances, aging results in impairment of 
other mechanical properties such as tensile 
strength or elasticity, etc. 

Although a variety of antioxidants and other 
stabilizing agents are known which, when incor 
‘porated in a resinous or rubber-like organic ma 
terials, serve to retard or prevent aging, the 
agents which are eifective in stabilizing one such 
organic material, often are une?ectual in stabi 
lizing other resinous or rubber-like products. 
"Also, the agents which are satisfactory in pre 
venting aging of a particular product often 
modify one or more properties of the latter, e. g. 
the color, tensile strength, dielectric properties, 
or ability of the product to be extruded or molded 
‘into accurately dimensioned smooth-surfaced 
articles, and thereby limit the ?elds of utility of 
"a product treated therewith. 

The problem of ?nding a satisfactory stabiliz 
ing agent for the above-mentioned composite 
polymers of vinyl aromatic compounds and di- ,l, 

Such ' ole?nes has been particularly difficult. 
composite ‘polymers, as shown in U. S. Patent 
2,388,685, are prepared by polymerizing in aque 
ous emulsion a monovinyl aromatic compound 
such as styrene, orthogmethylstyrene, para 
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methylstyrene, or para-chlorostyrene, etc, there‘ 
after adding to the same aqueous emulsion an 
aliphatic conjugated diole?ne such as butadiene 
1.3, isoprene, 2.3-dimethyl-butadiene-1.3, or 2 
ethyl-butadiene-L3, etc, and polymerizing the 
diole?ne while present in the emulsion of the 
polymerized vinyl aromatic compound. A stabi 
lizing agent is preferably added to the resultant 
polymer emulsion prior to coagulating the prod 
uct. The stabilized product, after being separated 
from the emulsion, extrudes readily to produce 
uniformly-dimensioned, smooth-surfaced rods, 
and it may readily be molded into articles of de 
sired sizes and shapes. The product is quite ?ex 
ible when in the form of a rod of 0.25 inch diam 
eter or less and has an unusual property of ‘being 
nearly as‘ ?exible at temperatures below —>50° C. 
as at room temperature. However, unless treated 
to incorporate a stabilizing agent therewith, the 
composite polymers undergo discoloration, em 
brittlement, and in some instances combustion, 
when heated or permitted to stand under ex 
posure to light and air. 
Although agents capable of stabilizing the com 

posite polymers against one or more of the detri 
mental actions of headlight, and air, have pre 
viously been known, the agents known for this 
purpose‘have either failed satisfactorily to stabi 
lize the material against all of the detrimental 
actions commonly associated with aging, or have 
modi?ed one or more properties of the composite 
polymer so as to limit its ?elds of utility. For 
instance, the agent heretofore considered most 
satisfactory, and employed commercially, for the 
stabilization of the aforementioned composite 
polymers is difficult to incorporate uniformly with 
the emulsi?ed product, but is best incorporated 
with the. emulsion under acidic conditions prior 
to or during coagulation of the product. After 
coagulation, it is difficult to free the product en 
tirely of the acid. 'As a result, corrosion of metal 
molds or dyes employed in shaping the product 
has, in some instances, occurred and the dielec 
tric properties have sometimes been impaired. 
‘Also, the stabilizing agent imparted to the prod 
uct a blue color which changed to black on stand 
ing and which, because of occasional non-uniform 
incorporation in the product, sometimes gave the 
latter an unpleasing mottled appearance. Be 
cause of the color imparted by the stabilizing 
agent itself, it has been di?icult to incorporate 
other coloring agents, e. g. dyes or pigments, in 
the product to obtain desired colors of, good uni 
formity and good stability against change in, 
1 shade or color under exposure to light, 
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It is an object of this invention to provide a 
new agent which, when incorporated in thermo 
plastic organic materials, especially resinous or 
rubber-like polymers and copolymers of aliphatic 
conjugated diole?nes, is e?ective in inhibiting the 
deleterious eifects of aging without itself causing 
appreciable discoloration of the thermoplastic 
material treated therewith. A ‘further object is 
to provide thermoplastic resinous and rubber-like 
materials, particularly the aforementioned com 
posite polymers of vinyl aromatic compounds and 
aliphatic conjugated diole?nes, in a form stabil 
ized against the effects of aging by having said 
stabilizing agent incorporated therewith. Other 
objects will be apparent from the following de 
scription of the invention. 
The stabilizing agent provided by the invention 

is a hydrogenation product of a polymer of 2,2,4 
trimethyl-dihydroquinoline. 
product consists principally, if not entirely, of 
polymerized 2,2,4-tri.methyltetrahydroquinoline. 
The polymerized 2,2,4-trimethyl-dihydroquino 

line employed in preparing the new stabilizing 
agent may be obtained by treating the condensa 
tion product of acetone and aniline, which con 
densation product comprises 2,2,ll-trimethyl-di 
hydroquinoline, with concentrated hydrochloric 
acid, and‘ heating the acidi?ed material, e. g. 
at temperatures of from 85° to 90° C. for about 
20 hours. A more detailed description of the 
preparation of the polymerized 2,2,4-trimethyl 
dihydroquinoline is given in the Ingram U. S. 
Patent 2,064,752. 
The polymerized 2,2,4-trimethyl-dihydroquino 

line is, itself, effective as an anti-aging agent 
for the aforementioned composite polymers of 
vinyl aromatic compounds and aliphatic conju 
gated diole?nes and also for other resinous or 
rubber-like organic materials. However, when 
incorporated with such composite polymer, it dis 
colors the latter appreciably and, in most instanc 

‘ es, reduces somewhat the per cent elongation 
value of the treated polymer. It also renders 
more di?lcult the operation of extruding the 
treated material to produce uniformly-dimen 
sioned articles having smooth surfaces. We have 

i found that, by hydrogenating the polymerized 
trimethyl-dihydroquinoline, a colorless to light 
tan colored resinous material is produced which 
may readily be incorporated with a composite 
polymer, e. g. of styrene and butadiene, and which 
is substantially free of such objectionable charac 
teristics when incorporated in such composite 
polymer. The hydrogenated product is rich in 
polymeric 2,2,4-trimethyl-tetrahydroquinoline. 

' The hydrogenation of polymeric 2,2,4-tri 
methyl-dihydroquinoline to form polymeric 2,2,4 
trimethyl-tetrahydroquinoline is accomplished 
by heating the molten material, or a solution 
thereof, together with a minor amount of an ef 
fective hydrogenation catalyst, e. g. from 0.1 to 1 
per cent by weight of ?nely divided palladium, 
under pressure in contact with hydrogen. The 
reaction is usually carried out at temperatures be 
tween 100° and 200° C. and hydrogen pressures of 
from 300 to 500 pounds per square inch, gauge, 
but it may be accomplished at lower or higher 
temperatures or pressures. The mixture is pref 
erably agitated during the reaction. When the 
reaction is carried out in the absence of a ‘solvent, 
or in the presence of a saturated solvent, 6. g. 
'cyclohexane, incapable of being hydrogenated, 
the extent of the reaction‘ may be followed- by 
observing the decrease in pressure as hydrogen is 
consumed. The reaction is preferably continued 

The hydrogenated ' 
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4 
until hydrogen has been consumed in amount 
corresponding approximately to that theoretically 
required for conversion of the polymeric tri 
methyl-dihydroquinoline to polymeric trimethyl 
tetrahydroquinoline. The reaction is usually 
complete in less than 40 hours, but longer times 
of reaction are sometimes required. 

After completing the reaction, the pressure 
is released, the reaction vessel opened, and the 
catalyst is separated, e. g. by ?ltration, from the 
reaction mixture. In instances in which the 
hydrogenation is carried out in the absence of a 
solvent, the product is ?rst dissolved or diluted 
with a solvent so as to permit ready ?ltration to 
remove the catalyst. Any of a Wide variety of sol 
vents such as benzene, toluene, xylene, ethyl 
benzene, chlorobenzene, methyl alcohol, ethyl 
alcohol, acetone, liquid petroleum fractions, or 
cyclohexane, etc., may be employed for the pur 
pose. Dilution of the reaction product with an 
equal weight or more of benzene, cyclohexane, or 
ethylbenzene, is usually su?icient to permit ?l~ 
tration. 

After removal of the catalyst, the solvent may, 
if desired, be distilled to obtain the polymeric 
2,2,4-trimethyl-tetrahydroquinoline as a residue. 
The product is a resinous material, usually of 
light-tan color, and‘ probably is colorless when 
entirely pure. In most instances, the color of the 
product is less intense than that of the polymeric 
2,2,4—trimethyl-dihydroquinoline starting mate 
rial and is not su?icient to impart appreciable dis~ 
coloration to resinous or rubber-like materials 
subsequently stabilized therewith. 
The polymeric trimethyl-tetrahydroquinoline 

may be incorporated together with a resinous or 
rubber-like material in any of several ways, e. g. 
by hot milling of the trimethyl-tetrahydroquino 
line together with the material to be stabilized 
therewith, or by addition to a solution or aqueous 
emulsion of the material to be stabilized, etc. The 
addition may be accomplished under neutral, 
acidic, or moderately basic conditions, as desired. 
In instances in which the resinous or rubber-like 
material which is to be stabilized is prepared, e. g. 
by polymerization, in aqueous emulsion, the poly 
meric trimethyl-tetrahydroquinoline is usually 
added in emulsi?ed form to the emulsion of 
material to be stabilized prior to coagulating said 
material. The coagulated product comprises 
most, if not all, of the polymeric trimethyl-tet 
rahydroquinoline uniformly admixed therewith. 
In most instances, incorporation of from 0.5 to 3 
per cent by weight of the polymeric trimethyl-tet 
rahydroquinoline in a resinous or rubber-like 
material is sufficient to stabilize the material 
satisfactorily against the action of heat,v light, 
or' air under the conditions usually encountered 
during drying, fabrication or use of the material. 
The polymeric trimethyl-tetrahydroquinoline 
may be used in proportions smaller or consider 
ably larger than those just recommended. 
Other addition agents such as dyes, pigments, 

plasticizers, or ?llers, etc., may be incorporated in 
a resinous or rubber-like material stabilized by 
the polymeric trimethyl-tetrahydroquinoline. In 
many instances, suchv other addition agents are 
added concurrently with, and by the same pro 
cedure vas, the polymeric trimethyl-tetrahydro 
quinoline. Employment of the latter does not in 
terfere seriously with the action. of dyes and pig 
ments in uniformly coloring the products, e‘. g. 
the aforementioned composite polymers stabilized 
withthe polymeric trimeth'yl-tetrahydroquinoline 
maybe produced in any-of a variety of uniform 
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bright colors ranging from red to violet by "such 
incorporation of ' dyes or pigments therewith. 
The polymeric trimethyl-tetrahydroquinoline 
used in'stabilizing a composite polymer also has 
little, if any, eifect on the ability of the material 
to be extruded or molded, or on the dielectric or 
mechanical properties of the resultant shaped 
articles.‘ 
The following examples describe various ways 

in which the the‘principle of the invention has 
been applied and illustrate certain of its advan 
tages, but are not to be construed as limiting the 
invention: 

»- EXAMPLE 1 

A solution of 10 pounds of resinous polymeric 
2,2,4-trimethyl-dihydroquinoline and 10 pounds 
of cyclohexane was treated with 6.4 ounces of 
activated charcoal having 4.8 per cent by weight 
of ?nely divided palladium deposited thereon. 
Themixture was heated with agitation at a tem 
perature of 170° C. under a hydrogen pressure of 
from 400 to 450 pounds per square inch, gauge, 
for a period of 70 hours. Fromlthe drop in the 
pressure of hydrogen which occurred during this 
period, it was calculated that hydrogen had been 
consumed in amount slightly exceeding that theo 
retically required for conversion of the polymeric 
2,2,4-trimethyl-dihydroquinoline to 2, correspond 
ing polymeric trimethyl-tetrahydroquinoline, i. e. 
the amount of hydrogen consumed was approxi 
mately 109 per cent of that theoretically required 
for such conversion. . The pressure was then re 
leased, the reaction vessel' opened, and the mix 
ture was ?ltered to remove the catalyst. Cyclo 
hexane was distilled from the ?ltrate to obtain 
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table intimately incorporated together therewith‘: 
The mode of incorporating an addition agent to-v 
gether with the polymeric product was by milling, 
on heated rolls for a period of from 2 to 4 min 
utes, a mechanical mixture of the polymeric prod- 
not and the addition agent.‘ After incorporating 
an addition agent with the polymer, the treated 
material was compression molded into test pieces 
at a temperature of 135° C. The test for deter 
mining the time of heating of a product in contact 
with air in order to cause embrittlement ‘was car 
ried out by heating standard-sized strips of the 
product, 1% inch thick and 1A; inch wide, under. 
an air pressure of 80 pounds per square inch, 
gauge, at a temperature of 150° C., and periodi 
cally withdrawing samples and testing them for 
brittleness by folding a sample sharply ‘upon 
itself . at room temperature. If such folding 
operation resulted in cracking or breakage of the 
sample, the material was considered brittle, but 
if such folding of the product did not result in 
cracking or breakage, the product was considered 
non-brittle. Table I names the addition agent 
employed in each test, gives the hours of heating 
of test strips at 150° C. under 80pounds per square 
inch of air pressure necessary to cause embrittle 
ment of the product, and gives the result of visual 
inspection of samples after exposure to ultra 
violet light of standard intensity for an 8-hour 
period with regard to the amount of discolora 
tion which resulted from such exposure. Prior 
to being exposed to ultra-violet light, each of the 
samples of resinous material was substantially 
colorless. The effect of the light was to cause 

3'5 darkening of the material. 

Table I 

Additmn Agent Embrittled Discoloration 
after heating after 8 hrs. . 

_ Per at 150° 0. exposure to 
Kind ' Cent for— U. V. light 

Hrs. . - . 

None _____________________________________________ __ v 5 Slight. ' 

Polymer of 2,2,4-trimethyl-dihydroquinoline... 2 25-30 Considerable: 
Polymer of 2,2,4-trimethyl-tetrahydroquinoline 2 20-25 Slight. 

EXAMPLE 3 the polymeric 2,2,4-trimethyl-tetrahydroquinol 
ine product as a resinous residue. The product 
was of light-tan color, the color thereof being 
not nearly as dark, or of as great a depth, as 
that of the polymeric trimethyl-dihydroquino1ine 
subjected to the hydrogenation. 

EXAMPLE 2 

In each of a series of experiments, samples of 
a composite polymer, prepared by consecutively 
polymerizing 4 parts by weight of styrene and 6 
parts of butadiene in the same aqueous emulsion 
and separating the mixed polymer thereby 
formed, were subjected to a heat treatment for 
purpose of determining the time of heating, at a 
temperature of 150° C. and under a pressure of 
air,vneces‘ary to cause embrittlement of the prod 
uct. Other samples of the same composite poly 
mer were exposed to ultra-violet light of a stand 
ard intensity for a period of 8 hours in order to 
determine the amount of discoloration which re 
sulted from such exposure. ‘Certain of the sam 
ples subjected to these tests consisted of the com 
posite polymer alone, i. e. free of addition agents. 
Other samples contained the composite polymer 
in a form having 2 per cent by weight of the re 
spective addition agents named in the following 
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An emulsion of polymeric 2,2,e-trimethyl-tet 
rahydroquinoline was prepared by dissolving 2 
grams of the substance in a solution of 100 grams ' 
of styrene, 50 grams of methyl-ethyl ketone, and 
11.3 grams of stearic acid, heating the resultant 
solution to a temperature of from 60° to 70° C. 
and adding thereto 8 cubic centimeters of a solu 
tion of 1.5 parts by volume of methyl-propanol 
amine and 100 parts of water.- "The emulsion thus 
obtained was used in treating an aqueous emul 
sion of a composite polymer of styrene and buta 
diene as hereinafter described. Other emulsions 
comprising ‘polymeric 2,2,4-trimethyl-tetrahy; 
droquinoline, together with other antioxidants as 
indicated in the following table, were similarly 
prepared except that the antioxidant was dis’ 
solved together with the polymeric 2,2,4-trimeth; 
yl-tetrahydroquinoline in the solution of sty 
rene, methyl-ethyl ketone, and stearic acid, prior 
to addition of the aqueous methyl-propanol 
amine. In each of a series of experiments, an 
aqueous emulsion of a composite polymer Oreo 
per cent by weight styrene and 60 per cent buta 

“ .diene, prepared by consecutive polymerizations 
75 of the styreneaandbutadiene linen aqueousgernulf 
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medium, was treated with one of the 
above-described emulsions of polymeric 2,2,4-tri 
methyl-tetrahydroquinoline in amount such’ as to 
incorporate together with the composite polymer 
the antioxidizing, agents in the proportions indi 
cated in the following table. The resultant emul 
si?ed mixture was'treated in known manner to 
coagulate the composite polymer together with 
the‘ antioxidants. The coagulated material was 
separated, dried, and molded or extruded into 
test pieces of standard sizes. In all instances, 
the extruded pieces were of uniform thickness or 
diameter throughout their length and possessed 
ansm‘ooth and fairly glossy surface. Certain of 
the testlpieces were used to determine the tensile 
strength in pounds per square inch, the per cent 
elongation value, the per cent power factor, and 
the time of heating at 150° C. under 80 pounds 
per square inch of air pressure necessary to cause 
embrittlement. Other test pieces were employed 
to determine the effect of ultra-violet light on 
the color and transparency of the product. The 
test for embrittlement of the product by heat 

light of standard intensity transmitted through 
the samples and also re?ected from the samples. 
using successively white‘ and black backgrounds; - 
were again determined. From the values thus 
measured, the light transmission index and also 
the light reflection index both for a white back-f 
ground and for a black background, were calcu 
lated. The light transmission index is obtained 
by multiplying by 100 the above-mentionedlight 
transmission value ‘after exposure to the ultra 
violet light of a sample, and dividing the. product 
by the light transmission value prior to such ex: 
posure to the ultra-violet light. Similarly, a light 
re?ection index is obtained by multiplying by 100 
the light reflection value after prolonged expo 
sure to the ultra-violet light, and dividingthe 
product by the light re?ection value of the sam 
ple prior to the exposure to ultra-violet light. 
The following table names the antioxidants in4 
corporated with the mixed polymer in each test; 
gives the proportions of the respective antioxi 
dants as per cent by weight, and gives the char 
acteristics of the compositions determined in the 
ways just described. ' ~ " 

Table II 

Addition Agents Pmpertics'ol Stabilized Product 

Run 7 P hTime of P Light Re?ect. Index 
No’ Tensile er eating to .er- U M ‘ 

; Kind C1?“ Strength, Cent ca‘lie em‘ cent Trlgns. With With . 
Pm lbs/sq in mm‘ 1mm‘ Power Index Whit Bl k 

' ' gation ment, Factor Back? Baaéi; ' 
Hrs’ ground ground ' 

1.'.____ P<1>lymeric 2,2,4-trimethyl-tetrahydroquino- , 
ine _______________________________________ 2 1 220' 1'0 25-30 0.1 2 

2 {Pllilymeric 2,2,4-trimcthyl-tetrahydroquino- ' ( 0 86 75 81 
____ -- ine-_____-_______-__--______--_---~----_->-- 2 1,110 150 25-30 0.133 1 3 ~ 

Tertiary-butyl-salol . _ _ _ 1 0 92 '6 

3. {Pnflymeric 2,2,4-trime tetrahydroq no- 2 ' 
.... ._ 1 100' 160 25-30 0.159 1 1 

I 2,2-dihydroxy-benzophenone _________________ _ _ l 7 ' 0 83 82 

4 {Polymeric 2,2,4-trimethyl-tetrahydroquino- _ 2 
____ _ l 200 190 25-30 0.124 2 

,, 2-11ydroxy-5-chlorobenzophenone ____________ __ l ' 8 79 82 

ing in air at 150° C. was carried out as in Example 
2. The testsv for determining the tensile strength 
and percent elongation value were carried ‘out 
using rods of polymeric material, formedby ex 
trusion through a 3% inch die at a die-tempera 
ture of 180° C., as the test pieces. Such rod was 
stretched, on a standard testing device, at a rate 
of ,20 inches per minute, and a temperature of 
approximately 27° C. until breakage occurred. 
The force, in pounds perusquare inch of original 
cross section of thetest piece, required to ,cause 
breakage and the per cent of its original length 
by which the test piece vwas elongated when 
breakage occurred are the tensile strength and 
per. cent elongation values. The test for deter 
mining the per cent power factor at an electric 
current frequency of 106 cycles per second was 
carried out in accordance with a procedure de 
scribed in A. S.‘ T. M_'Dl50-45T. In the tests for 
determination of the effect of ultra-violet light 
upon the material, samples of the material were 
tested to determine the'amount of white light of 
standard intensity transmitted therethrough and 
also to determine the amount of white light of 
standard intensity re?ected therefrom when pro 
viding the test pieces with a white background 
and when providing them with a black" back 
ground. ,A‘fter ‘determination of these light 
transmission and light re?ection values, :the ‘test 
pieces were exposed’to ultra-violet light of 's'tande 
ard ‘intensity while lat a'temperature ofv 90° F. for 
a period of v1'10 ‘hours. The proportion of ‘white 
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The polymeric 2,2,4 -, trimethyl - tetrahydro 
quinoline has also been incorporated in minor 
amount with a copolymer of butadiene, vinylidene 
chloride and acrylonitrile and ‘with a rubbery co 
polymer of styrene andbutadiene. It has also 
been incorporated with an aqueous emulsion of 
a copolymer of styrene and butad'iene from which 
?lms were cast, without coagulation of the co 
polymer, and dried to obtain the treated copolymer 
in film form. In each instance, the polymeric 
2,2,4-trimethyl-tetrahydroquinoline was found to 
be effective in retarding discoloration and other 
aging e?ects of heat, light and air on the ma 
terial treated therewith. - 

This application is a division of our copend'ing' 

28, 1946. 
Other modes of applying the principle of the 

invention may be employed instead of ‘those ex 
plained, change being made as regards the method 
or products herein disclosed, provided the steps or 
compounds stated by any of the following claims 
‘01"171’16 equivalent of such stated steps or com 
pounds be employed. . ' 

We therefore particularly point out and dis 
tinctly claim as our invention: ' 

1. A method of making polymeric 2,2,ll-tri 
methyl-tetrahydroquinoline which comprises re~ 
‘acting hydrogen, at apressure of from 300 to-hdd 
pounds per square inch and at temperatures-be 
tween-about 100° and about 200° C. inlthe‘prese'nce 
of ?nely divided palladium, with polymeric 2,2,14 

application, Serial No. ‘700,165, ?led September 
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trimethyl-dihydroquinoline, the latter being a UNITED STATES PATENTS 
product obtained by heating 2,2,4-trimethy1-di 
hydroquinoline with a strong non-oxidizing min- lgugggigs Gregrgglt 138332581936 
eral acid. ’ ’ '''''' ‘“ ‘ ’ 

2. Polymeric 2,2,4 - trimethyl - tetrahydro- 6 2’064’752 Ingram """"""""" " Dec’ 15’ 1936 

quinoline obtained by the method of claim 1. OTHER REFERENCES 
JAMES B. ARNOLD. - Craig, Journ. Amer. Chem. Soc. vol. 60, June 
LESTER J .DANKERT. 1938’ pp. 1458 to “6L 
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